To create meaningful models of the geomagnetic field, high-quality directional and intensity input data are needed. However, while it is fairly straightforward to obtain directional data, intensity data are much scarcer, especially for periods before the Holocene. Here, we present data from twelve flows (age range ∼ 200 to ∼ 470 ka) in the East Eifel volcanic field (Germany). These sites had been previously studied and are resampled to further test the recently proposed multi-method palaeointensity approach. Samples are first subjected to classic palaeomagnetic and rock magnetic analyses to optimise the subsequent palaeointensity experiments. Four different palaeointensity methods -IZZI-Thellier, the multispecimen method, calibrated pseudo-Thellier, and microwave-Thellier -are being used in the present study. The latter should be considered as supportive because only one or two specimens per site could be processed. Palaeointensities obtained for ten sites pass our selection criteria: two sites are successful with a single approach, four sites with two approaches, three more sites work with three approaches, and one site with all four approaches. Site-averaged intensity values typically range between 30 and 35 μT. No typically low palaeointensity values are found, in line with paleodirectional results which are compatible with regular palaeosecular variation of the Earth's magnetic field. Results from different methods are remarkably consistent and generally agree well with the values previously reported. They appear to be below the average for the Brunhes chron; there are no indications for relatively higher palaeointensities for units younger than 300 ka. However, our young sites could be close in age, and therefore may not represent the average intensity of the paleofield. Three of our sites are even considered coeval; encouragingly, these do yield the same palaeointensity within uncertainty bounds.
Introduction
Current geomagnetic field models (e.g. Knudsen et al., 2008; Ziegler et al., 2011) are hampered by a lack of reliable palaeointensity data. It is usually not straightforward to assess the reliability of the outcome of a palaeointensity experiment; their success rates remain low despite recent methodological advances pertaining to the classic Thellier-style palaeointensity protocol (Thellier and Thellier, 1959; Coe, 1967) such as the IZZI protocol (Tauxe and Staudigel, 2004; Yu et al., 2004) . In addition, alternative palaeointensity methods that rely on different premises have been established like the microwave method (Hill and Shaw, 1999) or the multispecimen protocol (Dekkers and Böhnel, 2006; Fabian and Leonhardt, 2010) . To increase the reliability of palaeointensity results several checks are built-in the measurement sequence (e.g. Coe, 1967; Riisager and Riisager, 2001 ) and a set of selection criteria can be applied to weed out doubtful results (e.g. Paterson et al., 2014) . Most recently, a multi-method approach has been proposed to increase the success rate of (tedious) palaeointensity experiments (de Groot et al., 2013; Monster et al., 2015a) . This approach at the same time provides an additional consistency check: if methods that are based on different principles yield a similar result, the obtained palaeointensity is much more likely to be correct. This study further explores this approach: we revisited twelve sites in the East Eifel volcanic field (Germany) for which high-quality Thellier-style palaeointensity results were reported by Schnepp (1996) following the Coe version (Coe, 1967) of the Thellier method. Here, we base our interpretation on four different palaeointensity methods. Two methods involve heating of the samples: the IZZI-Thellier protocol (Yu et al., 2004) and the multispecimen protocol (Dekkers and Böhnel, 2006; Fabian and Leonhardt, 2010) . The third method, the microwave method, adopts microwave excitation rather than thermal excitation of the magnetic grains (Hill and Shaw, 1999) but is in its execution very similar to the classic Thellier-style experiments. The fourth method is a non-heating method, the calibrated pseudo-Thellier protocol (Tauxe et al., 1995; de Groot et al., 2013) which relies on an experimentally derived calibration (de Groot et al., 2013) . We only sampled radiometrically dated sites with either the K/Ar or the 39 Ar/ 40 Ar method (Schmincke and Mertes, 1979; Lippolt,1985, 1986; van den Bogaard et al., 1989) . The East Eifel volcanic field is Quaternary in age; ages of the sampled units range between ∼200 ka and ∼470 ka.
Geological setting and sampling
The Quaternary Eifel volcanic field is subdivided into the West Eifel and East Eifel volcanic fields (Schmincke, 2007) . The Hoch Eifel volcanic field is of mainly Eocene age. The West Eifel volcanic field is located close to the border with Belgium and Luxemburg while the East Eifel volcanic field stretches a little west of Koblenz; the Laacher See is more or less in its center (Fig. 1) . Volcanic activity begun in the West Eifel field at ∼700 ka as a response to accelerated uplift of the Rhenish shield due to mantle plume activity (Ritter et al., 2001) . Magmas intruded in very low-grade metamorphic graywackes, sandstones and slates of Devonian age, metamorphosed during the Variscan orogeny and uplifted since Mesozoic times with an accelerated pace since 800 ka (Meyer, 1986) . The volcanic rocks are potassium-rich silica-undersaturated igneous rocks; they include basanites, leucitites, nephelinites, tephrites, and phonolites. The latter were shown to be largely unsuited for palaeointensity determination purposes (Schnepp and Hradetsky, 1994; Schnepp, 1994 Schnepp, , 1995 Schnepp, , 1996 . Volcanoes are dominantly scoria cones and maars, typical of intraplate volcanism. Half of them erupted lava flows (Schmincke, 2007) . Volcanic activity in the East Eifel volcanic field started at ∼460 ka. Older rocks in both the West and East Eifel volcanic fields are dominated by phonolitic rocks. Younger volcanic rocks are highly evolved phonolites (Wehr crater complex, ∼215 ka), and basanitic and tephritic scoria cones which mostly erupted during 215-190 ka. They are potassium-rich in contrast to the young rocks of the West Eifel field that are more sodium-rich (Schmincke, 2007) . The lavas of East Eifel volcanic field erupted primarily in the downfaulted Neuwied basin, which is part of the Rhine Rift. The East Eifel volcanic field is more voluminous than the West Eifel field. The volcanism in the Eifel is presently considered dormant but not extinct (Schmincke, 2007) .
The East Eifel volcanic field is a volcanic area of about 400 km 2 located west of Koblenz, Germany. It consists of ∼100 volcanoes, with ∼80% scoria cones. Lava flows, tuff rings are comparatively rare; some phonolitic complexes occur (Schnepp, 1996) . It is subdivided into two main phases of volcanism: the poorly exposed older eruptive centres (c. 400 ka) west of the Laacher See and the younger centres (c. 200 ka) east of the Laacher See. The volcanic activity is argued to be episodic with eruptive intervals intertwined with longer periods of no eruptive activity (Schmincke, 2007) . In this study, only lava flows were sampled, with the exception of Hochstein (HS), which was a scoria cone.
To further test the multi-method palaeointensity approach (de Groot et al., 2013; Monster et al., 2015a) , we revisited twelve sites from Schnepp (1996) that had previously been dated by Schmincke and Mertes (1979) , Lippolt (1985,1986) and van den Bogaard et al. (1989) . The sites are given in Table 1 ordered from young to old. All younger rocks from the eastern portion of the field are basanites (TB, EI1, EI2, PL, PH2, KB, DB, VK) while older rocks from the western portion include leucitites (SI, MK) and nephelinites (HS, HL). HL belongs to oldest Kempenich center while the other old sites (HS, SI, MK) belong to the Riedener volcanic complex. DB and VK belong the eastern portion of the East Eifel volcanic field and the youngest rocks (TB, EI1, EI2, PL, PH2, KB) to southeastern subfield (Schmincke, 2007) . At Korretsberg (KB; KB1 in Schnepp (1996) ), Meirother Kopf (MK) and Plaidter Hummerich (PH2) the precise original sampling locations were recovered. For the other sites, no existing drill holes could be traced, although we did sample the same eruption centres. Especially in quarries such as the Eiterköpfe (EI1-2), Plaidt (PL), Hochsimmer (SI) and Tönchesberg (TB) the original sampling locations often did not exist anymore or were inaccessible. The original sites EI1-2, for example, had been converted to a waste disposal site.
At each site, at least fifteen 1-in. diameter cores were drilled using a portable, petrol powered drill. At each site a number of samples were taken as close together as possible to ensure homogeneity of the magnetic properties among these samples and hence make a comparison between results from different paleointensity techniques meaningful; furthermore, a number of samples were taken spaced metres apart to improve the quality of the mean paleomagnetic direction obtained for each site. Samples were oriented with a magnetic compass and if possible also a sun compass (all sites except HS, MK and TB). For most sites, the sun compass correction was less than 5°; for sites Dachsbusch (DB), Hannebacher Ley (HL), Korretsberg (KB) and Plaidt (PL) the correction was somewhat larger, up to nearly 8°for site KB. At locations 1 2 3 km 0 N Fig. 1 . Schematic location map of the fieldwork area. The main roads, as well as the Laacher See and the Rhine are indicated. Image adapted from Google Maps. GPS locations are provided in Table 1 .
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Physics of the Earth and Planetary Interiors 274 (2018) 148-157 Hochsimmer (SI) and Hochstein (HS) an additional, unoriented hand sample was taken due to drilling difficulties (SI) and the suspected likelihood of past lightning strikes at the only in situ outcrop (HS).
Methods

Demagnetisation of the natural remanent magnetisation
Samples were demagnetised with both thermal and alternating field (AF) demagnetisation. Three samples per site were heated in steps of 50°C from 100 up to 500°C and subsequently in steps of 25°C to 600°C. Most specimens were measured on a 2G-DC SQUID magnetometer; the first demagnetisation levels of samples whose natural remanent magnetisation (NRM) exceeded ∼5 A/m were measured on an AGICO JR-6 spinner magnetometer; when demagnetised to a sufficiently low magnetisation measurements were continued on the DC-SQUID magnetometer. Five specimens per site were subjected to AF fields of 2. 5, 5, 7.5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90 and 100 mT, using a robotised 2G DC-SQUID magnetometer in a static 3-axes demagnetisation set-up (Mullender et al., 2016) ; all demagnetisation data were analysed using RemaSoft (Chadima and Hrouda, 2006) . Thermal and AF NRM decay curves were obtained by plotting the NRM intensity as a function of temperature and AF field strength, respectively. These data were normalized by the initial NRM.
Rock magnetic analyses
All sites were subjected to commonly adopted rock magnetic analyses. Curie and alteration temperatures (de Groot et al., 2012) were determined by measuring susceptibility as a function of temperature during several temperature cycles on an AGICO KLY-3S Kappabridge susceptometer with a CS3 furnace attachment (noise level 2 · 10 −7 SI, typical signal at least three orders of magnitude higher). Sample mass typically ranged between 0.5 and 1 g of crushed rock chips. During the first temperature cycle, the temperature was gradually increased to 175°C and then decreased to 125°C. In subsequent cycles, the temperature was increased by 75°C and then decreased by 50°C. The alteration temperature is defined as the lowest temperature in the cycles at which irreversible behaviour occurs. Curie temperatures cannot be determined as precisely from susceptibility curves as from magnetisation-versus-temperature curves, but can be estimated from the inflection point or points of the decreasing branch of the susceptibility curve (Petrovsky and Kapicka, 2006) . Domain state estimates were determined from hysteresis loops and back-field remanence curves measured at room temperature on a MicroSense vibrating sample magnetometer (VSM). For each (sub)site one sample of 8-mm diameter and typical length of 6 mm was subjected to a maximum field of 1.5 T in the hysteresis loops (75 measurement points, spaced more closely near the origin) and 0.53 T in the back-field remanence curves. From these plots, the values of the saturation remanent magnetisation M rs , the saturation magnetisation M s , the coercive field B c and the coercivity of remanence B cr were determined. A slope correction was applied to the hysteresis loops to remove the paramagnetic contribution. The ratios M rs /M s and B c /B cr were plotted against each other in a Day plot (Day et al., 1977) . From this plot, the domain state of the samples can be estimated.
To estimate the oxidation class, thin sections were studied using a JEOL JCM-6000 table-top scanning electron microscope (SEM) in backscatter mode using an acceleration voltage of 10 kV. Images were taken at magnifications of up to 4000×. Sites were categorised in the oxidation classes described in Watkins and Haggerty (1968) .
Palaeointensity experiments
To increase the success rate and to provide an additional consistency check, we used four different palaeointensity methods: the 'classic' Thellier-Thellier method (Thellier and Thellier, 1959) with the IZZI protocol (Tauxe and Staudigel, 2004; Yu et al., 2004) , the domainstate-corrected multispecimen protocol (Dekkers and Böhnel, 2006; Fabian and Leonhardt, 2010) , the calibrated pseudo-Thellier method (de Groot et al., 2013) and the microwave method (Hill and Shaw, 1999) . As all four methods take a different approach to obtain an estimate of the absolute palaeofield, consistency between their results is a strong indication that the obtained palaeointensity is reliable (de Groot et al., 2013; Monster et al., 2015a) .
The IZZI protocol was applied with partial thermoremanent magnetisation (pTRM) checks (Coe, 1967) and pTRM tail checks (Riisager and Riisager, 2001 ) to seven specimens per site. A laboratory field of 50 μT was used with an angle of 0-90°to the samples' NRM. Data were analysed using ThellierTool 4.0 (Leonhardt et al., 2004) . The reliability of the results was assessed using the built-in ThellierTool A and B sets of selection criteria (Leonhardt et al., 2004) as modified by Paterson et al. (2014) . The selection criteria for TTB are as follows (all statistics as defined by Paterson et al. (2014) ): number of points (n) ≥ 5; fraction (f) ≥ 0.35; the ratio of the standard error of the slope to the absolute value of the slope (β) ≤ 0.15; quality parameter (q) ≥ 0; the maximum angular deviation of the anchored directional fits to the paleomagnetic vector (MAD anc ) ≤ 15; the angular difference between the anchored and free-floating best-fit directions (α) ≤ 15; Maximum absolute difference produced by a pTRM check, normalized by the total TRM (Leonhardt et al., 2004 ) (δCK) ≤ 9; the alteration determined by the difference of the alteration corrected intensity estimate and the uncorrected estimate, normalized by the uncorrected estimate (Leonhardt et al., 2004 ) (δpal) ≤ 18; the maximum absolute difference produced Table 1 Palaeomagnetic and rock magnetic data. From left to right: site age (Schmincke and Mertes, 1979; Lippolt, 1985, 1986) and location (latitude and longitude in decimal minutes), palaeomagnetic directions and their α 95 and number of accepted samples n out of the total number of samples N, Curie (Tc) and alteration temperatures (T alt ), and oxidation class according to Watkins and Haggerty (1968) for all twelve sites. Class I is pristine, VI is most oxidised.
Site
Age (ka) Location Palaeomagnetic directions Rock magnetic characteristics by a pTRM tail check, normalized by the NRM (Leonhardt et al., 2004) (δTR) ≤ 20; the extent of a pTRM tail after correction for angular dependence (Leonhardt et al., 2004 ) (δt * ) ≤ 99. For the TTA set most of the criteria are the same as for TTB, except for: β ≤ 0.10; q ≥ 5; MA-D anc ≤ 6; δCK ≤ 7; δpal ≤ 10; δTR ≤ 10; δt * ≤ 9. Finally, samples that passed these selection criteria but showed nonetheless sagging, indicative of multi-domain effects, were considered less reliable. IZZIThellier site averages were only considered to be acceptable if they are the mean of at least three independent samples for which the standard deviation divided by the average palaeointensity should not exceed 20% (after Selkin and Tauxe, 2000) . In the multispecimen (MSP) protocol, all sites that did not reveal an overprint in their thermal and AF Zijderveld diagrams were first subjected to the so-called ARM test (de Groot et al., 2012 ; ARM stands for anhysteretic remanent magnetisation). The potential set temperatures were selected based on their susceptibility-versus-temperature plots (no alteration should occur) and their NRM thermal decay curves (decay is at least 15% at the ARM test temperature) similarly to the workflow in de Groot et al. (2013 de Groot et al. ( , 2015 . Furthermore, temperatures below 200°C were not selected to avoid low-temperature viscous overprints even further. No prior AF demagnetisation should be carried out prior to the ARM acquisition as this precludes a meaningful outcome of the ARM test (de Groot et al., 2012) . The ARM gained is determined by subjecting half of the samples from the pristine and heated cores to an ARM acquisition in bias field of 40 μT, whereas the other half are subjected to single-axis AF demagnetisation in the same axis, equivalent to an ARM acquisition in 0 μT bias field. If a core heated to the selected temperature gains the same amount of ARM as an unheated (pristine) core, it is very plausible that the MSP protocol method will yield the correct palaeointensity. Only the sites that passed the ARM test were subjected to the domain-state-corrected multispecimen protocol (MSP-DSC) at the same temperature as the ARM test. We used four field levels (15, 30, 45 and 60 μT) and three specimens per field level. Data were analysed using MSP-Tool for MS Excel 2010 (Monster et al., 2015b) and its built-in reliability criteria. If the average alteration ε alt between the first and fourth heating step exceeded 3% (de Groot et al., 2013) and/or if the intersection with the y-axis of the linear fit in the domain-statecorrected plot was not within error of its theoretically prescribed value of (0, −1) (Fabian and Leonhardt, 2010) , the result from the original method (MSP-DB; Dekkers and Böhnel, 2006) was preferred. Data points that were outside the bootstrapped confidence interval (Monster et al., 2015b ) that was initially produced based on the results of all measured samples were rejected and the data were reinterpreted omitting these data points.
The calibrated pseudo-Thellier method (Tauxe et al., 1995; de Groot et al., 2013) was applied to five specimens per site. After AF demagnetisation (Section 3.1), these samples were subjected to an ARM acquisition at the same AF field steps (up to 100 mT), using a DC bias field of 40 μT. The NRM remaining after each AF step was plotted against the pARM gained after each step in a 'pseudo-Arai plot'. As a third step, the ARM was demagnetised using the same AF steps to test whether the ARM was carried by the same grains as the NRM. If that is the case, a plot of the NRM remaining against the ARM remaining should show a straight line. Results were analysed using a custom-made VBA Excel macro. The slope of the pseudo-Arai plot was converted to an absolute palaeointensity using the empirically derived calibration formula from de Groot et al. (2015) . This formula is based on data from Hawaii (de Groot et al., 2013) and the Canary Islands (de Groot et al., 2015) . It is valid for samples whose value of B 1/2ARM , the AF field at which they have gained 50% of their maximum ARMs, is between 23 and 63 mT (de Groot et al., 2013) . Pseudo-Thellier site averages are only considered to be acceptable if they are the mean of at least three independent samples. Finally, the microwave method (Hill and Shaw, 1999) was used. This method is similar to the classic Thellier-Thellier protocol, but instead of heating the samples, the samples are demagnetised using microwaves that directly excite the magnetic spin system. This should reduce the amount of heating experienced by the specimens and therefore the amount of alteration. The experiments were carried out at the University of Liverpool. We used microwave equivalent of the IZZI protocol (Yu et al., 2004) including pTRM checks (Coe, 1967) , at a laboratory field of 30 μT. The specimen from site TB was measured using a field of 40 μT and for site DB, which was expected to yield a higher palaeointensity, a laboratory field of 60 μT was used. Data were analysed using ThellierTool 4.0 (Leonhardt et al., 2004) and its built-in ThellierTool A and B selection criteria as modified by Paterson et al. (2014) . Samples of 5-mm diameter and ∼5 mm length were used. Due to time constraints, only one or two specimens per site were processed. Because of the limited number of specimens per flow that could be processed the outcome should be considered as supportive of other palaeointensity determination approaches.
Results
Palaeomagnetic directions
Representative Zijderveld diagrams and thermal decay curves are shown in Fig. 2 . All obtained mean palaeodirections are provided in Table 1 . Examples for all twelve sites are in Appendix A. Most sites show univectorial behaviour in their Zijderveld diagrams, although four sites (DB, KB, MK and PH2) as well as some individual samples from HS, EI1, HL, SI and VK have small overprints that are removed after demagnetisation at 5-10 mT or 100-150°C. The obtained directions for sites DB, HL, MK, PH2 and TB are consistent with those of Schnepp (1996) (see equal area plots in Appendix B). Site HS is discarded from interpretation (cf. Fig. 6 ) as it shows a small overprint combined with a relatively high NRM intensity and a quick NRM decay during the first few AF demagnetisation steps. These characteristics, as well as its inconsistent palaeodirections (α 95 = 17.6°), hint at a nearby lightning strike. Please note that palaeointensity experiments are carried out on the unoriented block sample (no in situ sampling possible).
Thermal decay curves are divided into two main groups. The first group demagnetises slowly until ∼400°C and more quickly at higher temperatures, with sometimes two distinct phases (e.g. sites DB, EI1, EI2 and HS). The second, smaller, group demagnetises more quickly, retaining 50% or less of its initial NRM after demagnetisation at 300°C. AF NRM decay curves are distinctly variable. Most sites retain less than ∼20% of their NRM after demagnetisation at 100 mT, but sites DB, EI1, TB and some samples from sites EI2 and MK lose < 40% of their initial NRM at that field level (Appendix A).
Rock magnetic analyses
Some representative susceptibility-versus-temperature plots are shown in Fig. 2 Although the Mr/Ms and Bcr/Bc ratios are bulk rock properties, hence averages of the behaviour of all magnetic fractions present in a sample, a Day plot (Fig. 3) may give a first-order indication of the magnetic grain size in the sample. Most sites plot in the pseudo-singledomain (PSD) range, generally slightly above the SD + MD mixing line (Dunlop, 2002) . Site HL plots in the multidomain (MD) range. Site MK yields a very high B cr /B c ratio (10.6) combined with a relatively high M r /M s ratio (0.45) when measured on the VSM. Its hysteresis loop (Appendix A) shows two components, which makes its position on the Day plot ambiguous.
The SEM images reveal varying oxidation states (Table 1 , Fig. 4 and Appendix C). Generally speaking, the younger sites (200-300 ka) show higher oxidation levels than the older sites (> 300 ka). Sites HS and DB are devoid of oxidation (class I). The abundant ilmenite lamellae observed for sites PL and VK place them in class III. Sites EI1-2, KB and TB show mottled lamellae and class in oxidation stage III-IV. The remaining sites show some signs of oxidation and are categorised in either class I-II (sites HL, MK, SI) or II-III (site PH2).
Palaeointensity experiments
The Thellier-Thellier method yields acceptable results for 45% of the individual samples, typically at least three specimens per site pass our selection criteria. Two representative plots are shown in 
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are remarkably constant, as the parameters that check for directional stability (MAD anc and α) are generally much lower than the limits set by the selection criteria (15 and 15 for TTB and 6 and 15 for TTA, respectively). The MAD anc is < 7.5 for all samples passing the criteria, except for the two DB samples; and α is < 7.5 for all but three samples passing the selection criteria. Samples from the other sites (HL, MK, PH2 and SI) show sagging indicative of multidomain behaviour, samples from these sites are therefore often rejected. The obtained palaeointensities range from 20 to 45 μT for most sites. Site PH2 has higher palaeointensities of 52.4 ± 5.1 μT (mean and one standard deviation) while site DB is even higher with 81.4 ± 17.1 μT. The high value obtained for site PH2 may be explained by sagging: the palaeointensity value is obtained from the low-temperature (steep) part of the plot is thus probably on the high side. Site DB, on the other hand, yields straight Arai plots, but the two samples that pass the selection criteria differ: 69.2 versus 93.5 μT. Seven sites (EI1, EI2, HS, KB, PL, TB, and VK) yield at least three successful samples, their site averages are therefore considered acceptable (Table 2) .
Of the eight sites that do not show an overprint in their Zijderveld diagrams, five pass the ARM test (insets in Fig. 5 20.6 [14.0-23.9 ] μT) yields a palaeointensity that is 7.1 μT lower than that of the DB protocol (27.7 [16.7-32.6 ] μT). The other three processed sites either fail the alteration criterion ε alt < 3% (sites HL and SI) or the criterion that the linear regression should intersect with the yaxis within error of (0, −1) (site PL). For these three sites, therefore, the MSP-DB protocol outcome is preferred (Table 2) . Pseudo-Thellier palaeointensities are determined for eight out of Earth and Planetary Interiors 274 (2018) 148-157 twelve sites (Fig. 5 and Appendix G). The success rate for individual specimens is 38% (22 out of 58 specimens). The remaining 62% either show non-linear ARM-versus-NRM demagnetisation diagrams (sites DB, HL and some specimens from VK) or fail the B 1/2ARM criterion (sites EI2 and SI, and some specimens from sites KB, MK, PH2 and TB). The obtained palaeointensities vary between 24 μT (site PH2) and 41 μT (site TB). Sites HS and PL yield the most linear plots and most consistent palaeointensities (standard deviations of 0.6 and 0.5 μT, respectively). Only four out of our twelve sites (EI1, HS, PH2, and PL) yielded at least three interpretable samples per site, their site averages are therefore accepted. Microwave results for one or two specimens per site are shown in Fig. 5 and Appendix H. Palaeointensities are derived for 10 out of 14 measurements, a success rate of 71%. The obtained Arai plots are generally very linear, with the exception of sites MK and SI and sample VK22b, which show sagging. Site PL's two-slope behaviour (Fig. 5) is probably due to its overprint in the first few microwave steps, as its Thellier-Thellier Arai plots are mostly linear. The obtained palaeointensities vary from ∼10 μT (site MK, sagging) and ∼48 μT (sample TB14b). Some samples (most notably site DB) show a significant overprint in the z direction (cylinder axis), suggesting partial remagnetisation caused by drilling the smaller 5-mm diameter samples from the original 1-in. diameter samples. The linear fit with the highest quality factor q (Coe et al., 1978) was preferred (automatic ThellierTool, cf. Leonhardt et al., 2004) , although for some sites a second, manual regression is calculated excluding the overprint. Differences between the obtained palaeointensities with these two approaches are smaller than 2 μT.
Discussion
Palaeomagnetic directions
Our inclinations agree well with those reported by Böhnel et al. (1982) and Schnepp (1996) ; our declinations, however, often differ slightly (Fig. 6 , top and middle panels, Appendix B). Sites DB, HL, MK, PH2 and TB are indistinguishable from Böhnel et al. (1982) and Schnepp (1996) 's results. Most of the deviation in the other sites may be attributed to the orientation differences between a magnetic compass and a sun compass: in none of the studies sun compass readings could be obtained for all sites. Indeed, for site KB, most of the 11.1°difference between our declination and Böhnel et al. (1982) and Schnepp (1996) 's could be explained by the average sun compass correction of nearly 8°f or that site. Similarly, the 11.5°difference observed for site MK may be due to our lack of sun compass readings. In this matter it is encouraging that sites DB and HL which have large sun compass corrections in our data set, overlap with those of Böhnel et al. (1982) and Schnepp (1996) . Site SI showed large cracks during our sampling trip, so in this case it is possible that our sampling location was not entirely in situ. For sites EI1-2 and PL with large deviations of ∼20°a different explanation is needed, as the sun compass corrections are too small to account for the observed declination differences. One possibility is the different sampling strategies that were employed: Böhnel et al. (1982) and Schnepp (1996) 's samples were spread over distances of several tens or hundreds of metres, whereas our samples were generally drilled in clusters and/ or were only taken several metres apart. So-called local anomalies due to terrain effects (e.g. Baag et al., 1995; Valet and Soler, 1999) in our data would therefore not be averaged out as good as in Böhnel et al. (1982) and Schnepp (1996) 's data. However, as Böhnel et al. (1982) and Schnepp (1996) 's palaeodirections generally showed low scatter (α 95 usually less than 4°), it appears unlikely that these large deviations would be due to the sampling method. The most plausible explanation therefore seems that, while we did sample the same eruption centres, we did not always sample exactly the same flows as Böhnel et al. (1982) and Schnepp (1996) . Particularly in the case of EI1-2 this is plausible, as Böhnel et al. (1982) and Schnepp (1996) sampled scorias on the southwestern part of the Eiterköpfe, whereas we sampled massive lava flows a few hundred metres to the north.
Palaeointensities
The East Eifel volcanic field generally yields good and consistent palaeointensities. For ten sites the results of at least one palaeointensity method passes the selection criteria as outlined in the methods section (Fig. 6) . Success rates of individual methods are appreciable. IZZIThellier yields 45% with specimens coming from nine sites; seven sites have at least three specimens passing the selection criteria and therefore yield acceptable estimates of the paleofield. Sites EI1, EI2, PL, and TB, perform particularly well with most specimens attempted giving interpretable Arai diagrams. Sites DB, and PH2 have only two successful specimens and therefore do not produce an IZZI-Thellier site average. Sites HL, MK, and SI, have none and are disappointing. In the MSP approach, the ARM test passes for five sites. Two sites (EI2 and TB) fulfil all MSP-DSC criteria, one site (PL) has a slightly too large deviation from the theoretically predicted (0, −1) y-axis intersection while two others (HL and SI) alter too much. In these latter three sites the MSP-DB number is selected, suggesting an upper bound to the palaeointensity value. In the pseudo-Thellier approach 38% of the specimens, from eight sites, pass. Sites DB, EI2, HL, and SI fail for all specimens tried. However, of the eight passing sites, four (KB, MK, TB, and VK) have only 1 or 2 successful specimens which we deem low for a meaningful result. So, a pseudo-Thellier PI value can be allocated to four sites: EI1, HS, PH2, and PL. The microwave method yields successful determinations for 10 out of 14 specimens (71%). The number of specimens processed per site is unfortunately rather low: often just one per site. So, where applicable the microwave PI results are interpreted as supportive for the other approaches. Nine sites yield an interpretable Arai diagram; site TB has two successful specimens. The success rate decreases to 57% when two specimens with evident sagging (MK, PH2) are excluded from further interpretation. Two more specimens (PL, SI) are retained because their sagging is considered subtle.
IZZI-Thellier palaeointensity site means vary from ∼28 to ∼81 μT with four out of nine values straddling 40-45 μT (Fig. 6 , lowermost panel, Table 2 ). MSP values range ∼21 to ∼36 μT and microwave palaeointensities from ∼20 to ∼44 μT (Fig. 6, Table 2 ). MSP data tend to be slightly lower than IZZI-Thellier data. The pseudo-Thellier method generally agrees with results from the other methods. The calibration formula (de Groot et al., 2015) , which is based on data from Hawaii (de Groot et al., 2013) and the Canary Islands (de Groot et al., 2015) , therefore seems to be applicable to the Eifel volcanism as well.
Comparing paleointensity methods
Sites DB and MK do not yield any estimates of the paleofield's intensity that pass our quality criteria as outlined before. Site DB yields some IZZI and microwave data; however, both are of low quality and their outcome differs rather substantially, therefore this site is not considered further. Sites HL, and PH2 only deliver one intensity that passes the pre-defined selection criteria (one MSP-DB and one pseudoThellier result, respectively). The remaining sites work for two, three, or even all four, approaches. Two approaches are technically successful in four sites: EI1, KB, SI, and VK. Sites EI1 and PH2 (albeit that the IZZI data are of somewhat lower quality) deliver results for IZZI and pseudoThellier (respectively 36.8 and 31.4 μT; and 52.4 and 24.2 μT). For both these sites the pseudo-Thellier results are (considerably) lower than the pseudo-Thellier results. For PH2 the lower temperature steps are interpreted, if subtle sagging occurs during the experiment, the lower temperatures may lead to an overestimate of the paleofield. This can explain the discrepancy between the IZZI-Thellier and pseudo-Thellier results, and would imply that the pseudo-Thellier results is closer to the actual paleofield. For site EI1 this explanation does not apply, as the entire temperature spectrum is used to obtain the IZZI-Thellier paleointensity, and there are no signs of sagging.
Site KB yields IZZI (28.3 μT) and microwave data (25.6 μT) that meet the selection criteria, and their results agree within error. Three approaches are technically successful in three sites: EI2, HS, and TB. Site EI2 works for IZZI-Thellier (29.1 μT), MSP-DSC (20.6 μT), and microwave (31.7 μT); site TB gives respectively 41.3 μT, 32.6 μT, and 43.0 μT. It is noteworthy that the IZZI-Thellier and pseudo-Thellier numbers are indistinguishable within error, while the MSP results are lower. This is in line with previous observations (e.g. de Groot et al., 2013; de Groot et al., 2015; Monster et al., 2015a,b) , but this observation lacks a satisfying explanation. Site HS delivers IZZI-Thellier, pseudo-Thellier and microwave results (respectively 40.8, 37.5, and 32.7 μT) . Site PL delivers results for all four methods. The three absolute palaeointensity methods (IZZI-Thellier, MSP, and Microwave Thellier) deliver consistent results as documented by site PL in Fig. 5 and Table 2 . The IZZI average is 33.0 μT and the MSP-DB result 29.8 μT (MSP-DSC would be 29.2 μT); the microwave result is rather low (22.1 μT). The pseudo-Thellier is 34.9 μT. The IZZI, MSP, and pseudoThellier overlap within uncertainty envelopes. The consistency between the different methods adds considerably to the credibility of the obtained values (see also de Groot et al., 2013; Paterson et al., 2014; Monster et al., 2015a) .
Ten out of twelve sites deliver a palaeointensity result that we consider meaningful. Outliers are often IZZI-Thellier or microwaveThellier results that pass our selection criteria but are considered not reliable because of sagging (e.g. site PH2), and/or MSP results that are generally on the low side of the obtained paleointensities per site. The younger units tend to be more oxidised with oxidation classes III-IV, while the older units usually are class I or I-II (Table 1) . Curie point temperatures are often ∼540°C indicative of low-Ti titanomagnetite. Alteration temperatures are often lower than Curie temperatures so that determination of the latter may be slightly biased. The less oxidised flows occasionally have a lower T C but there is no evident trend. Although sites DB and MK do not show major alteration in the preliminary experiments and have low oxidation states, they yield very few and/or inconsistent paleointensity results. Possible explanations could be (1) an unsuitable chemical composition of the grains leading to subtle alteration during the experiments that goes undetected by the preliminary rock-magnetic analyses; (2) cumulative alteration induced by the many treatment steps in all paleointensity methods; or (3) a NRM domain state that is cured or evolved over time (e.g. de Groot et al., 2014) 
same age Fig. 6 . Declination, inclination and palaeointensity as a function of site name (ordered chronologically). Sites EI1-2 and PL are coeval according to Schnepp (1996) . Values from Schnepp (1996) are shown as pink crosses. The four different palaeointensity methods are shown as blue circles (IZZI), black squares (MSP), red triangles (pseudo-Thellier) and grey diamonds (microwave). Data that pass the selection criteria but show sagging (microwave), or are the result of less than three samples (IZZI and pseudo-Thellier) are shown as open symbols to indicate that they should be considered as less reliable. If no error bar is shown, the palaeointensity value is based on a single sample, or the errors are so small that the error bars are obscured by the symbol. The dashed lines represent the present day values for the declination, inclination, and field strength, respectively. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) imparted during the paleointensity experiments. More oxidised sites (class III and III-IV) appear to work in 2, 3, or even all 4 approaches. This is in line with other paleointensity studies. This counterintuitive observation might be explained by the pinning of domain walls on sharp transitions within the grains (de Groot et al., 2014) ; i.e. we hypothesize that the oxidation zones/lamellae may have a stabilizing effect on the domain configuration of the magnetic remanence carrying grains and the reproducibility of the magnetic domain state during the paleointensity experiments.
The veracity of the multi-method paleointensity approach
Since 2013 a number of studies have adopted the multi-method paleointensity approach and subjected samples to at least three different paleointensity techniques (de Groot et al., 2013 (de Groot et al., , 2015 Ertepinar et al., 2016; Monster et al., 2015a,b) . If paleointensity techniques based on different systems of exciting the magnetic spin system of the remanence carrying grains (thermal, microwave, or alternating fields) independently produce the same result, the credibility of this result is greatly enhanced. If the methods disagree, it is the task of the interpreter to give meaning to the obtained results. A full review of the multitude of effects that can hamper paleointensity experiments is beyond the scope of this research, but in general terms we observe that multi-specimen results tend to be slightly lower than IZZI-Thellier results; and pseudo-Thellier and microwave results are often in between the MSP and IZZI-Thellier results. Furthermore, it is remarkable that for sites that fail in thermal paleointensity experiments the pseudo-Thellier and Microwave Thellier experiments often produce the same, and meaningful results. This implies that the potential of choosing a paleointensity technique that avoids thermal steps completely (pseudoThellier), or largely (Microwave Thellier) cannot be underestimated for samples that suffer from thermal alteration during IZZI-Thellier, or MSP experiments.
Comparison with existing palaeointensity data
All in all, the new palaeointensities compare well to those determined by Schnepp (1996) as shown in Fig. 6 . Sites EI1, PL, KB, and SI are indistinguishable, albeit that our determination for HL comes with a fairly large uncertainty. Our results for sites TB and HS are ∼10 μT lower than Schnepp's (1996) determination. The quality of the present palaeointensity estimates for sites DB and MK fail our selection criteria while Schnepp (1996) does not report a palaeointensity for site VK. Site PH2 delivers a rather high IZZI-Thellier result while the pseudo-Thellier technique yields the same answer as Schnepp (1996) . It could be that our higher IZZI data are influenced by sagging. Sites EI1, EI2, and PL are considered coeval. Paleointensities indeed overlap over the various approaches adopted here; Schnepp's (1996) Coe-Thellier data are a few μT higher but within uncertainty envelopes (Fig. 6) .
Most palaeointensity values range 30-35 μT, slightly lower than the average intensity for the Brunhes chron, converted from the VADM (virtual axial dipole moment) in Ziegler et al. (2011) . Directional changes are compatible with palaeosecular variation, so unlike in the West Eifel, no excursion-related palaeointensity lows are anticipated. This concurs perfectly with observations in both Schnepp (1995 Schnepp ( , 1996 and the present study. Most radiometric ages come with a rather large uncertainty which pleads for a re-dating effort, similar to that performed by Singer et al. (2008) for the West Eifel volcanic field. By redating with improved Ar-Ar methodology they could tie paleointensity lows with associated excursional paleomagnetic directions, taken from Schnepp and Hradetsky (1994) , to geomagnetic excursions determined elsewhere which testifies their reality and global nature. The palaeointensities obtained here for the older sites (HS to HL) are in agreement with the average palaeointensity expected for the period 0.3-300 Ma (Selkin and Tauxe, 2000 ; VADMs converted to field intensity), whereas the sites with ages < 0.3 Ma (TB to VK) seem rather low. These data agree very well with the average over the period 0.3-300 Ma, perhaps suggesting an earlier or more gradual decrease of the average VADM between 200 and 300 ka. It should be kept in mind, however, that sites TB to DB are clustered together in age and the uncertainty intervals of their ages overlap. It is therefore possible that these flows were erupted in a relatively short period of lower than average field, also keeping in mind that sites EI1, EI2, and PL are considered coeval.
Conclusions
The multi-method palaeointensity approach used in this study yields reliable palaeointensity values for ten out of twelve sites. Within-site results are generally consistent and usually within error of the results reported by Böhnel et al. (1982) and Schnepp (1996) . No excursional directions with associated palaeointensity lows are found; palaeointensity values typically are 30-35 μT, slightly below the Brunhes Chron average and compatible with the 0.3-300 Ma average. Considering the high success rates and the often linear Arai plots, the Eifel appears to be an attractive location for future palaeointensity investigations. Full-vector records could be better constrained by new, more precise radio-isotope ages. With more precise ages and (re-)sampling all available locations a regional full-vector PSV curve for NW Europe for 200-700 ka could be established.
